A recent study indicates that schizophrenia patients are prone to auditory hallucinations because they have difficulty recognising their 'inner speech' as their own, and consequently tend to misattribute it to an external source.
The madness of King Ludvig II of Bavaria had two fortunate outcomes, in addition to the chain of bizarre castles on which he squandered the huge income extracted from his subjects. The first was that he became the patron of Richard Wagner, possibly because his was the only music that could obliterate the king's schizophrenic auditory hallucinations. The second was that when Ludvig died -possibly murdered -one of the first actions of the sane nephew who succeeded him was to set up the Anatomical Psychiatry Institute in Munich to examine the neurobiological basis of his uncle's madness. It was here that Nissl, Alzheimer, Brodmann and Kraepelin firmly established the idea that serious mental illness such as schizophrenia is caused by impaired development of the brain.
Auditory hallucinations in the form of voices are often regarded as the hallmark of schizophrenic illness, and until recently their physiological basis was something of a mystery. Neuroimaging and neuropsychological studies are, however, beginning to provide the basis of an explanation. In a recent thought-provoking letter to The Lancet, Johns and McGuire [1] report that schizophrenic patients with auditory hallucinations were more likely than either nonhallucinating patients or control subjects to misattribute the electronically altered sound of their own voices to other people. This is reminiscent of neuroimaging studies which have shown that, when schizophrenic people are actually hearing voices, their whole speech perception and production network, including Broca's area, is activated. These imaging results again suggest that a schizophrenic person's hallucinations result from the misattribution of their own inner speech to an external source, with potentially devastating consequences.
More surprising is that auditory hallucinations are not as uncommon as might be supposed in normal subjects: in fact, surveys suggest that around a third of people will admit that, at some time in their lives, they have heard what seemed to be a strange voice in their heads; and most of us would acknowledge that we have occasionally been uncertain about whether a percept arose from our own thoughts, or from the outside world. So the mystery is not so much why schizophrenia patients mistake their own thoughts for other people's, but why most of us usually do not. The answer to this may lie at the cognitive end of the more general problem of how we distinguish the sensory signals caused by our own movements from the 'exafferent' ones caused by external events.
Most of the sensory input to the brain is not exafferent, but 'reafferent' feedback from receptors stimulated when we move. Normally, we can predict the sensory consequences of our own movements in order to discount them, and so we can accurately identify as additional anything which is going on in the outside world. Corollary discharge is sent from the motor cortex and brainstem to the posterior parietal cortex and the cerebellum in particular, to signal that movements are about to take place. One function of the cerebellar climbing fibre system seems to be to indicate which of the huge quantity of mossy fibre sensory inputs to the cerebellar cortex are self-generated, and thus to enable the cerebellum to associate these signals with information about past actions to model the expected course of a movement. Such a model could be used to predict the sensory consequences of a movement and be used, not just to optimise its execution, but also to discount the reafference perceptually. This may be the way in which we recognise any other sensory inputs as unexpected, and therefore to work out that they are caused by external events. Thus the distinction between what is self-generated and not self-generated becomes clear.
It is now widely accepted that this cerebellar mechanism for modelling the sensorimotor system may also be used for cognition. In Sherrington's words, "thoughts are but movements confined to the brain". It is plausible to speculate, therefore, that hallucinations result from failure of proper labelling of our own thoughts as self-generated, so that they are not incorporated into models of our own thinking but are instead treated as originating from an external agent.
There is no reason why this kind of misattribution should be confined to audition. If this account is correct, we should expect visual and other sensory misattributions to be common also; in fact, all of the functions of the brain -sensory, emotional, memory and motor -should potentially be involved, as all depend in some way on distinguishing self from not-self. Indeed, it is clear that schizophrenia does affect all these functions; auditory hallucinations and other disturbances of language are only the most obvious.
Visual hallucinations, in particular, are very common in schizophrenia, but they are much less often asked about by clinicians [2] , and they seem to be less disturbing than auditory hallucinations. This is probably because we do most of our thinking and communication with others in words; failure to label these words as our own thus means that they will tend to be attributed to another agenthuman, divine or alien -and it is easy to see how this can be very threatening. By contrast, failure to label a visual image as the product of our imagination will merely lead us to see things that are not really there, which is usually less upsetting.
Visual hallucinations can be interpreted as arising in exactly the same kind of way as auditory misattributions, and they contribute further to the general problem in schizophrenia of defining ego boundaries -that is, deciding where self ends and not-self begins. As Alice in Wonderland found, objects and people can elongate and truncate, dilate and constrict; their hues swirl and iridesce, they loom nearer or retire to the far distance or disintegrate into an explosion of colours. These kinds of visual disturbances are extremely common in schizophrenia. We can all imagine such changes with greater or lesser degrees of verisimilitude, but schizophrenic individuals seem to see them as real because they fail to label them properly as self-generated.
Another group of subjects who experience such visual distortions, albeit to a lesser degree, are those who suffer from developmental dyslexia. Many children with reading problems say that the letters they are trying to read seem to blur, move in and out of the page, change contrast, jump over each other and mix themselves up, so that they cannot keep straight what order they should be in. Often these problems can be correlated with unsteady control of vergence eye movements, and it appears that children with dyslexia often misattribute their own eye movements as motion of the letters they are trying to read. Such misattribution is not confined to vision and reading; people with dyslexia display a plethora of other problems, such as missequencing sounds, misordering the days of the week, incoordination and mixed or unstable handedness.
Like schizophrenia, developmental dyslexia is a broad neurodevelopmental syndrome with a strong genetic basis. It is particularly interesting that abnormally high rates of dyslexia are found in children at genetic risk for schizophrenia; and in the 1958 UK birth cohort study, mixed handedness and early reading difficulties were among the best predictors of subsequent schizophrenic breakdown. Moreover, developmental dyslexia in adults is associated with very high scores on scales assessing schizotypal traits [3] . It appears, therefore, that schizophrenia and developmental dyslexia may share some common aetiological factors.
One neurodevelopmental explanation for the widespread manifestations of dyslexia that is steadily gaining adherents is the 'magnocellular' hypothesis that one of us (J.S.) has propounded [4] . About 10% of neurons throughout the brain are larger and more heavily myelinated than others, and express a particular surface antigen, CAT 301, which marks them as deriving from a separate lineage [5] . About 10% of retinal ganglion cells are of this large, heavily myelinated type. Retinal ganglion cells of this type have a high dynamic, 'transient' sensitivity, but low spatial and colour resolution. They project to the magnocellular layers of the visual lateral geniculate nucleus and dominate the dorsomedial 'where' route, which projects forward from the visual cortex, via the visual motion area (V5/MT) and posterior parietal cortex, to motor areas such as the premotor cortex and cerebellum. The visual magnocellular system is thus specialised for detecting changes -such as the motion of potential targets, for the control of eye and limb movements -but it is not concerned with colour or fine detail.
The sensitivity of the visual magnocellular system can be measured in humans in various ways, for example using psychophysical or functional imaging techniques. The results of such measurements have confirmed the original observation of Lovegrove et al. [6] that the visual magnocellular system tends to be mildly impaired in developmental dyslexia. Moreover, Galaburda and Livingstone [7] found that the magnocellular layers of the lateral geniculate nucleus in post mortem brains of people with dyslexia were disordered and smaller than in control brains. Thus, the unstable vergence control of dyslexia sufferers, and hence their problems with letters appearing to move around, may result from impaired development of their visual magnocellular system. Might there be a similar abnormality in schizophrenia? As for dyslexia, abnormalities of eye movement control, visual masking and other visual deficits are found in schizophrenia. These suggest that there has been an impairment in the development of the visual magnocellular system [8] . Particularly interesting here is the mounting evidence that schizophrenia might be associated with deficiencies in certain fatty acids that are essential for normal membrane structure and channel kinetics [9] . These fatty acids are already known to play a crucial role in vision, and the fast magnocellular system might be particularly vulnerable to this kind of biochemical abnormality.
Although there is no such distinct system of magnocellular neurons in the auditory pathways, magnocellular divisions of the auditory relay nuclei exist, and these neurons seem to be responsible for analysing auditory transientschanges in the frequency or amplitude of sounds. As these changes carry information about the phonemic structure of speech, people's sensitivity to them may determine their ability to split words into their component sounds -that is, their phonological skills. As in vision, such auditory segmentation plays a very important role in learning to read. Hence we find that sensitivity to auditory frequency and amplitude modulations correlate strongly with subjects' phonological and reading ability, and that dyslexia sufferers' sensitivity to amplitude and frequency modulation is significantly worse than that of normal readers [10] . Again, Galaburda and Livingstone [7] found that the magnocellular division of the auditory thalamic relay, the medial geniculate nucleus, is disordered in the brains of people with dyslexia. Similar auditory psychophysical and neuropathological investigations do not yet appear to have been carried out in schizophrenia.
The pontine nuclei, which relay mossy fibres from the cerebral to the cerebellar cortex, are important targets of the visual magnocellular system, and probably also of equivalent components of other sensory systems. There is now considerable evidence that the cerebellum is abnormal in both dyslexia [11, 12] and schizophrenia [13] . As the cerebellum is responsible for building up an accurate model of sensorimotor processes to predict, and thus compensate for, the sensory consequences of our own thoughts and movements, this may help to explain why both sets of subjects tend to misattribute them to outside influences.
Another important function of magnocellular neurons in the cerebral cortex may be to mediate the synchronisation of activity in different cortical areas. This synchronisation may solve the 'binding problem' of how we temporarily associate the outputs of widely separated structures to show that they are dealing with the analysis of the same object in the outside world, and also the problem of how sensory inputs derived from our own movements are discounted. The gamma waves in electroencephalograph (EEG) recordings of brain activity, which are thought to be a sign of this synchronisation [14] , are mediated by interactions between large pyramidal output neurons and large interneurons. Many of these large cells express CAT 301, which as mentioned above is characteristic of the visual system magnocellular pathway. Thus, if development of the magnocellular system is impaired mildly in dyslexia and severely in schizophrenia, this binding process might be defective, which would explain the fracturing of perceptions and of rational associations between sensations, memories, emotions, thoughts and movements that is so characteristic of schizophrenia.
